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RESULTS OF TEST MAZZ IN THE NASA/LARC 31-INCH GFHT
ON AN 0.010-SCALE MODEL (32-0) OF THE
SPACE SHUTTLE CONFIGURATION 3 TO DETERMINE
RCS JET FLOW FIELD INTERACTION

by
“B. Kanipe

Engineering Analysis Division
Johnson Space Center

ABSTRACT

Test MA22 was conducted in the Langleyvaeséarch cénter 31-1n¢h Con-
tinuous Flow Hypersonic Wind funnel from May 6, 1975 through June 3 1975,
The primavy objectives of this test were the fd11owing 1) to study the
abiiity of the wind tunnel to repeat, on a run-to-run basis, data taken
for identical configuﬁations to determine if errors in repeatab111ty could

 hHave & significant effect on jet interactiOn data, 2) t6 determine the

éffect of model heating on jet interaction, 3) to investigate the effects
of elevon and body flap déﬂeétions on RCS jet interattion, 3) to deter-
i ne if the effects from jets £1ired separately along different axes can be
added to equa1 the effects of the jets fired simu1tane6us1y (super position
effects); 5) to study multipie jet effects, and 6) to investigate area
ratio effects, i.¢., the effect on jet interaction measurefents of using
rozzles with different area ratios in the sarme location. The mode1 used

in the test was a .010-scale model of the Space Shuttle Orbiter Configu-
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vation 3. The test was conducted at Mach 10.3 and a dynamic pressure of |

150 psf. RCS chambet prééswe waé varied to simulate free flight dynamic

pressures of 3, 7.5, 10, and 20 psf.
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SCHEDULE OF COEFFICIENTS PLOTTED'

(A)
(8)
(¢)
(D)
()
(F)

(6)

(H)

()

(39)

R —

CN, CLM, CAu, C8L, CYN, CY ver‘Sus ALPHA

€M, N versus ALPHA |

¢aL, (;YN versus BE‘rA

CN, CLM CAU, CBL, CYN, CY versus TEMP

OLTEN, DLTCLM, DLTCAU, BLTCEL, BLTCYN, DLTCY versus TENP
DLTCN, DLTCLM, DLTCAU, DLTCBL, DLTCYN, DLTCY, yersus ALPHA
N(NF), N(PM),‘N(AF'), N(RM), N(YM), N’(SF) ve‘rsus QA/T

N(PM), N(RM), N(YM), N(NF), N(AF), N(SF) versus ALPHA
SN(NE), DR(BM), DN(AF), DN(RM), DN(YM), DN(SF) versus ALPHA
N(PM), NCRM), N(YM), N(NE), N(AF), N(SF) versug BETA
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NOMENCLATURE
General

DEFINITION

npeed of' Sound; m/see, ft/sue

pressuysd coetficient; {p; - pw)/q '

Mach humber; V/a .

preszure; N/ﬁe, pst _
_dynetmic pressure; 1/2pV°, N/m®, pﬁf

unit Reytslds nuber; per 'm, pQr £t
vélocit&; m/séc, tt/see

ungle of éttbéﬁ, depreées ~ -

"atigle of sideslip, dégrees

afigle of yaw, de@iées

angle of roli degrees

fieas densitys kg/ud, slugs/te3

Réfe!‘ehée & c. G lkfinitiaﬁs

SADBAC
SiMEoL SYMBOL
“Op- cF
M MACH
p ' Pl
q G(NsM)
: «(psF)
RN/L RN/L
v
o ALPHA
B BETA
v par
¢ PHT
P
Ay .
b R
c.g.
£ tREF
[
s SREF
i
XMRP
YMRP
7MRP -
SUBSCriPrs
t
1
8
t
D
B
ORIGINAL P“gﬁm
oF POOR .

v r—— v - me e ke — -y, oave e

base afee; ne, ft2
wing 8pén or refereﬁcé span' n, £t
ééntér of gravity

refiershce léngth or wing mean
sefodynemié chord; m, £t

uing ares of reference etes; me, £t°

moteht refererice point

moment peference point on ¥ axis
motmeht Feference point on Y uxis
momenit Yeferehce point on £ axis

bede

lbca;

statie conditions
sotel eonditidns
free stresm
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SYMBOL

t

g
L/n
L/Dp

OADDAR
3yMBol,

N
CAU
oY

CAB

CAF

O

(BL

cL

Cb

CDB

- CDR

cY

i

CIN
(SN

/o
1/bF

NoMEnet
Body-A%ia System

£ (Continurd)

DEFTATTEON

nofmAl-foree codfficiont; fﬁn’m—‘ﬁ.s.fgl'_"ﬁ
; . q

axiel-force eSefficilont; 'éii_al-q_.gm‘.ci (uncorrested)

side-foFce coefficfent; S1de force
qu

brse-forte ccatficient; 2ise foree
~Ap{pp - Pw)/ab

foreboly nxidl £oree eoeffiticht, Gy - Chp

pitehing-moment cdefficiént; pitching moment

aSfppw

yowingemoment codfficient; YoWing floment
4Sb

Polling-monent tsdefficiont: ?23;1}_2%_‘%*2
i -

Jtobllity-Axis dybtom
1184 coefficienty 1ifh

5

drag goefficient: %33

buse-drug adeffisient; bnsgﬂdi‘ag
B (>

fOI‘CbO'ay dyug coef‘ficienﬁ; CD - Cm

side-toree cosfficfent; oide foree

e

pitching-moment coetrfieient; PLiching momens

P®f pep

yavinp-momeht coeffictents Mwin ”mémdnﬁ '
[Aa8)

rolling-moment coatficient: *“’111;;% moment
318

1ift-to-drag rotios CI./CI')

1ift to forcbody diag rAtios cL/cf.,r
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NGMENCLATURE (Continued) o

Plot |
Syimbo 1 Symbo1 - pefinition
Ao nozzle exit area, in
czj RES jet rolling moment coefficient, (r}%)/(qsu)
3 RCS jet pitching moment coefficient, (Tgm)/(qSE)
an RCS jet yawing moment coefficient, (Tln)/(QSb)
CAj RCS jet axial force coefficient, (T)/{qS)
ch RCS jet normal force coefficient, (T)/(¢S)
Cy3 RCS jet side force coeffictent, (T)/(gS) ‘
é 7 nozzle expansion ratio | |
h altitude, feet
Ky model nozzle thrust céalibration factor, 1bs/psia
2y RCS nozzle rol1ling moment arm, in
iy RCS nozzle pitching moment arm, in
2y RCS riozz1e yawing moment arm, in
2orp Orbiter body length, in
LH 1¢ft hand side |
fy RCS jet mass flow rate, 1bm/sec : ]
My RCS jet exit Mach number )
Ny N (RM) RCS r611 jet ampiification factor, (aCp)/(C, 3’ |

14
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Symbol

Plot
Syribio]

N{PM)
N(YM)
N(AF)

N(NF)

N(SF)

PCRCS

TCRCS

DLTCBL

NOMENCLATURE ({Continued)

pefinition : '
RCS pitch jet amplification factor, (ay)/(Cpy)
Rts yaw jet amplification factor, (Ach)/(cnj)

RCS axial force jet amp1ifi¢ation factor,
(ACA)/( Cay)

RCS normal forcé jet amp11fication factor,
(ACN)/ (CNy)

RCS gide force jet amplification factor, (ACy)/(Cyj)
modél RCS nvzzle plenum chamber pressure, psia.
RCS jet exit prassure, psia

reaction control system
right hand $ide

product of RCS. nozz1e gas constant and
temperature, (ft-1b)/1 C

RCS fchmslt». 1bs
RCS chamber tenperature, °R

velocity, ft/sec

RES jet ve‘lbc’:’ity, #t/sec

. Orbiter 1ongitudina1 sratibn, in

Orbiter 1atera1 station, in
Orbiter vertical station; in

increniental rolling moment coefficient due
t6 RCS jet interaction

15
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NOMENCLATURE {Continued)

incremental pitching moment coefficient duse
to RCS jet interaction '

incremental yawing moment coefficient due
to RCS jet interaction S .

‘increméntal normial force coefficient due
tb RCS jet interaction ‘

incremental side foree coefficient due
tp RCS jet interaction

increiental axial force coefficient due to RCS -

jet interaction (uncorrected for base pressure)
jet gas specific heat ratio

sum 6f médel nozzle thrust ¢dlibration factors
for all nézzle$ installed on model during &
given tést wuh; 1bs/psia

RCS nuzzle anglv  deg.

RCS thrust divided v freéstream dynami¢
pressure times ufit a. »

oneé jet RCS thrust divide . by freestream -
dynamic pressure times urit ares -

ingrementdl RCS Jet amplification factor -
inerefiental RCS Jet amplification factor «

increméntal RES jet amplification factor -

Plot
Symbo! Symbo] Refinition
Ay DLTCLM
aty DLTCYN
ACy DLTCN
ACy OLTCY
A, DLTCAU
Y
2Ky
<]
T/6A T/0A
T/QA-1
ANy BN (RM)
' ré611ing foment
AN, ON{PM)
‘ pitching r -ment
AN,’, DN(YM)
yawing fioment
ANy DN{NF)

incremeidtal RCS jet amplification factor -
norimal force

16
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Symbol

ANY

ANA

X
88k

—
|
B

NOMENCLATURE (Coneluded)

Plot
Sytibo1 pefinition
BN {SF) {ncrementsl RCS jet amp1ification factor = © -
- ¢ide force ,
DN(AF) incremental RCS jet amplification factor - ‘ - 3
axial force
oné Standard déviation from the mean 7
computed méan
" BDFLAP Orbiter body flap surface deflection ang1e.
positive deflection trailing edge dowh, dégrees
ELEVON - Orbiter elevon surface deflection angle, .
‘ positive deflection trailing edge ‘down, degrees F
NO. JET  number of RCS jets firing
TEMP

wing temperature, degrees Fahrenheit

17
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REMARKS

After being subjected to Mach 10 atrfldw at & dynamic pressure of
150 psf for a period of time, wind tunnel models tend to haat up to
tefiperatures as high as 500°F. Therefore, fn an effort to determine
whather or fiot model heating could affect jet interaction measurements,
the model wasiihSe?téd into the tunnel and data was taken as thé mode)
heate& up;' At each data‘pbint the temperature of the model wing was re-
corded by hand. Thesé temperatufes can be found in Table ViI. BdthIRCS

jets-on and RCS jets-off data were takenh as & function of wing temperature.

Little effect was Observed. -

18
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CONFIGURATIONS INVESTIGATED

Three kinds of model changes were requived for this test: 1) body
flap, 2) elevons, and 3) nonemetric RCS nozzle blotks. Twenty two

© nozzle Blocks were used 10 this test. Nozzles N43, N&4, N47, N48, N49,

NSO, N51, N52, and N61 wewe used in tests OAS5 and OA105. Nezzles N3,
N32, N33, N34, N36, and N37 were used in test LAR5. Nozzles N78, N79,
NB1, NB2, NB3, N84, and NS were used 1n test OABR. Nozzle confiauratichs
are summarized in Table v, o | 5

Two body‘flap configurations, in addition to the zero degree setting,
were.tgsied. The body flap deflections tested were 13.75° and -14.28°,
Similarly, efévon deflections tested were 10° and -30°.

19
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INSTRUMENTATION

The LaRC 0.75-inth six-cofponént 20194 Ynternal dalance was used for
this test program.

No model base or balance chambér pressures werd measured during the
test. The RCS supply pressure was set and monitored at the plenum chamber
betwéén thé left hand and right hand RCS noz2le blocks.

20
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YEST FACILITY DESCRIPTION

The Mach 10 nozzle of the Lengley Continubus Flow Mypersonic Tunne)
{s designed to operate atﬂstagnation pressures of 15 tb 150 atmospheres
at temperatures up to 1960° R, Afr fs preheated electrically by passing
through a muiti-tbbe’heater} The noz?ié has a 31-inth square test section
which incorporates a moveable second minimum. ¢ont{nu¢us‘operation 1s
achieved by passing the.a{ﬂ through a séries of compressors. Additidﬂa1‘
information on this facility 4s given th NASA TM X-1130 entitiled, “Char-
acteristiés of Major Activelwind Tunneéls at the Langley Résearéh'Centef“.
by William T. Schaefer, Jv. '
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DATA REDUCTION

Aerodynamic forces and momerts werc reduted to coefficient fhrm usina
the follewing referefice dimensions:
Reference Area:

S = 0.269 £t2_(38.735 in%), model scale
= 2690.0 ft2, full scale

Referenc& Leraths:

¢ = 4.748 in.model Scale
= 474.8 in. full scale
b = 9.367 in.model s¢ale

936.7 in. ful? gcale

The moments were reduced about a moment reference center located at:

Orbiter station 10.767 at Yo * 0.00 and 2° = 3,75 odel scale
Xo = 1076.7, Y, # 0.0, dna 20 = 375.0 full scale

Standard LRC data reduction teéhﬁfQues weie employéd for reducing the
data to coéff1ciént form.

Reduced coefficient data were used to determirie RCS jet interaction
amplication fgctoré. Incrémenté1 coefficient data (Atm. AC2¢ ACy ACy.

ard ACAu)were computed to provide effects of RCS jets. Amp11ffcation fac-

tors weré computed for each plane of éctioﬂt

ac aC .
e —am oo _gsC
N Chr _Tflm' ) "gghmzk1 aCy,
j R . .
qS¢
Ny = =" 7 ° Pk 26
Q'J R c ™
q5b
22

g



N

BATA REDUCTION {Continued)

q |
U s bl %'
v ig—) i
M = Ié:?u ] (A,—Eg ) ng} 2a,

where
= RES pitch jet moment arm
= 4.523 in model $cale

8y = RCS rol1 jet monent arm
1.110 in wodel scale

RCS yaw jet moment arfl
4.588 in model scale

>
pe- 3
nan

sum pf.ki“s'fér'ail nozzles firing in the
same thrust plaae, ky given in Table VI

zk
 §,esb = as glven above
The resulting factors (N's) represent aplification of Orbiter aero-
dynamic forces @aused by RCS jet interaction with the Orbiter flow field.
they are hormalized by RCS jet thrusts to allow easy use in control analy-
~ sis.
The incremerital RCS jet afplification facturs due to a control sur-

face deflection of amount “a" were ¢omputed as follows:

23
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DATA REDUCTION (Concluded)

ANm = N"‘!S"ﬂ - Mmsgo
AN!. - ® N.?;aha - ngao
ANYY s Nfiasa - an‘:b
AN = N - N

N No=a ~ Ns=o
Ny = NY6=a - NYS*O
ANA = NAaaa - NAszo

These factors (AN's) represent the incremental effect of control
sutface deflections on RCS jét interaction.

The incremental coefficient data do not include thrust forces since
the model nozzles were nonamétric. Increments ana amplification factors
wereé computed for eacﬁ forte and moment plane using data from each noz2le
that was tested. This provides both direct (e.g. ACy, due to pitch jet)

and cross-toupling (e.g. 4Cy dué to yaw jet) effects. Resulting data are
presénted in the data figures.
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31-Inch CFHT on an 0.010-Scale Model (32-0') of the Space Shuttle |
Configuration 3 to Determine RCS Jét Flow Field Interaction and to
Investigate RT Real Gas Effacts" by D. E. Thorntoh, January 1975.
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TEST CONDITIONS

DATE & vuly, 1975

E | REYNOLDS NUMSER OVNAMIC PRESSURE  JSTAGNATION TEMPERATURE
! “AF“‘NU’&?T. ~ (per ulit fength) (pounds/sy. ft.)  (deptets Tahrenhbil) )
. 10, 3 1,0 x 10° 150.0 1350
f
4
BALANGE UTILizED: _LaRC 2U19A e
CAPACITY: ACCURACY: COErRICIENT
NE 70 1bs 0.35 1bs '
SF . 25 1bs 0.126 1bs
Af . 15.1bs 0.075 1bs )
bu 70 in-1bs 0,35 1n-1bs '
RM __15 in =1bs 0.075 ig<1b8
w25 in-1bs —0a125 fn-16s
COMMENTS:
26
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TABLE III. = MODEL DIMENSIONAL DATA

b MODEL COMPONENT :____ BODY ~ Bie
GENERAL DESCRIPTION ®
Linds VL70-0001398 NP

NOTE: Identical %o Biy.except Lorelody,

_MOUEL SCALE: 0,010
DRAWING NUMBER : _Yian-0ninson -

DIMENSIONS : BULL SCALE  MODEL $CALE

Length , In. —d290.3 12,903
Mox Width, In. | 2694 2478
Mox Depth , In. 2.5 2445
Fineness Ratlo | —_—laf:ys __ L.82175
Ares F‘b2

Max. Cross=$ectional — 386,87  ___ 0.0387

Planform

Wetted

Base

| 47
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TABLE IIT (CONT'f})

MODEL COMPONENT e BODY FIAP o Pp

DRAWING NUMBER : __¥170-000149

DIMENSIONS *

Length, -In.

Mex Width , In,

Max Depth

Fineness Ratis

Area - Ft3
Mdx. Cross=Sectivnial
Planform

Wetted

Base

48

FULL SCALE  MODE! SCALE
2L, 70 0,847
bl N 2. A7hH

iz 0,0k

Yy



L et i i

TARLE 111 (GONTD)

MODEL COMPONENT ! _CANQPY = B»
GENERAL DESCRIPTION * __Gonifianritiop 3 par Rockwell Lifes VIJ0-000139

MODEL SCALE:  ©.01( . S
DRAWING NUMBER : _YL70-0001149 -

DIMENSIONS : FULL SCALE MODEL SCALE

Length (X433 to X =578), In, 145.0 1,450

Max Width

‘Max Depth

Fineriess Rotio

Atéa

Méx. Cross«Seetional

Planforn

Wetted

Base

R




TABLY, TI1 (CONTD)

YODEL COMPONENY: __ FIEVON w Hgy

GENERAL DESCRIPTION: Gontiguration 3 per W. . Rrrlive!l 1ings Drawing

VLM<LMOLI9R,  Tatn for (1) of (2) sidua,

. A '\"Jv : "o

s

DRAWING NUMRER:  VL70-000139%

DIMENSIONS ¢ FULL-SCALE
Area - Ft2 505 .52
Span (équivalent), In, 3
Inb'd equivalent chord, 1In. 114:78
Outb'd equivalent chord, In. Ssiéb'
Ratie movable surface chord/

total surface chord
At Inb'd équiv. thord 0,208
At Qutb'd equiv. chord 0.400
Swéep Back ‘Angles, degrees
Leading Edge 0,00, -
Tailing Edge = 10.24
Hingeline R W
Area Morént (Normial to Minge line)-Ft> _1su8.07
(Product of Area and ¢)
.50

MODEL SCALF
0.0%04

3:533
1.148

0.550

00 208

T

N

W
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TARLE IIT (CONTD)

MODEL COMPONENT: MPS NOZZLES - Nag

CRIFRAL DESCRIPTION: _ Confipuration 3A MPS nowzlea,

MODEL SCALE: 0,010
DR/ {/ING NUMBER:

DIMENASTIONS:
MaCH NO.

Gimbal Point to Exit Plane
Thrdat Lo Exit Pline

Dizmeter - Ift.
Bxit
Throdt
Inlet

ires - #1F
Exit
Throat

Gimbal PBoint (sStatios) - In.
Uppér Nozzle
£

Y NOT USED
Z

La3wer NnZZleds
k¢

Y
Z

Null Position - Dey.
Upper Nozzle
Pitch

Yuw NOT USED

Lover Noszle
Pitch

Yaw

ORIGINAL PAGE B
OF POOR QUALITY!

FULL SCALE  MODEL SCALE

Au68,3 :
+ _ 530  + 0.530
..A&i—q _.J‘m.:;_

]
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TABLE III. (CONT'D)

MODEL COMPONENT:  NOZZLE - N31 ,
GENERAL OESCRIPTION: RCS nozzle providing left-hand p‘itchaddvm ¢control,

]
o

MODEL SCALE: .00
DRAWING NO.:
DIMENSIONS:
MODEL_SCALE
Flight dynamic pressure simulation - PSF

Cant angle - dey.

Aft 12

Outboard ' 20
Diameter - In.

Exft .0990

Throdt .0921
Area - In.?

Exit 007698

Throat .0068662
Area ratio 1.15
No. of nozzles 2

| i
452




MODEL COMPONENT: NOZZLE - N32

TASLE 111. (CONT'D)

GENERAL DESCRIPTION: RCS mozzle providing right-hand pitcheup control.

MODEL SCALE: .010
DRAWING NO.:
DIMENSIONS:

Flight dynamit pressure simulation - PSF

Cant angle - deg.
Aft
Outboard

Diameter - In.
Exit
Throat

Area - In.2
Exit
Throat

Ared ratio

No. of hozzles

53

MODEL SCALE

.0990
0921

007698
606662
1.15

2

T
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TABLE IYI. (CONT'D)

MODEL COMPONENT: NOZZLE - N33
GENERAL DESCRIPTION: RES nozzle to provide left-hand yaw céntrol.

MODEL SCALE: .010
DRAWING NO. :
DIMENSIONS:
MODEL SCALE
Flight dynami¢ pressure simulation - PSF
Cant angle - deg.
Aft 0
Outboard _ 0
Diameter - In.

Exit .0990

Throat 0921
Area - In.2

Exit .007698

Throat .006662
Area ratio 1.15
No. of nozzles 2

54

Ty,




TABLE II1. {CONT'D)

MODEL COMPONENT: NOZZLE - N34

GENERAL DESCRIPTION: RCS nozzIé to'provide left-hand pitéh-down controi.

MODEL SCALE: .010
DRAWING NO.:
DIMENSIONS:

F1ight dynamic pressure simulation - PSF

Cant angle - deg.
Aft
Outboard

Diameter - In.
Exit
Throat

Area - In.2
Exit
Throat

Area ratio

No. of nozzles

.

MODEL SCALE

12
20

.0878
.0520

.006058
.002124
2.85

2

]
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TABLE IIT. (CONT'D)

MODEL COMPONENT: NOZZLE - N36
BENERAL DESCRIPTION: RCS tiozzle to provide 1eft-hand‘pitchaup control ' . A

MODEL SCALE: .0%0
DRAWING NO.:
DIMENSION:
MODEL_SCALE
Flight dynami¢ préssure simulation - PSF
Cant andle - deg.
Aft 0
Outboard 0
Diameter =~ In. |
Exit ' 0878

Throat 0820 g
Area - In.? i
Exit 006055 |
Throat .002124 ;

Area ratio 2.85
No. of nozzles 2 j
|

5_
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TABLE 111, (CONT'D)

MODEL COMPONENT: NOZZLE - N37
~ GENERAL DESCRIPTION: RCS nozzle to provide left-hand yaw control.

Y
"y

MODEL SCALE: .010
DRAWING NO.:

DIMENSIONS:
MODEL SCALE

Flight dynami¢ pressure simulation - PSF '

Cant angle - deg. |
Aft 0
Outboard a

Diateter - In. ' ;
Exit - .0878 i
Threat 0620 |

Area = In.2 j
Exit 006055 |
Threat 002124 |

Aréa ratio 2.85 |

No. of nozzles A %

57




TABLE I11. [GONT‘D)

MODEL COMPONENT: NOZZLE - N43

T
———dan, _ gt =t

GENERAL DESCRIPTION: RCS nozzle to provide left-hand pitch-down control

<o Simulate entry.

MODEL SCALE: .010
DRAWING NO.:
DIMENSIONS:

'Flight dynamic pressure simulation - PSF
Cant angle - deg.
Aft
Outboévd
Diameter « Ii.
Exit
Throat
Area =« In.2
Exit
Throat
Area ratio

No. of nozzlas

58

MODEL SCALE

5

12
20

129
.0465

.013070
.001698
7.70

2

- i v kg




TABLE 111, (CONT'D)

MODEL COMPONENT: NOZZLE - N44

GENERAL DESCRIPTION: RCS nozzle to provide r1ght?hand pitch-up contrui

to simulate entry.

MODEL SCALE: .010
DRAWING NO.:
DIMENSIONS :

Flight dynami¢ pressure simulation - PSF
Cant angle - deg.
Aft
Outbdard
Diameter = In.
Exit
Throat
Aréa - Ini.2
Exit
Throat
Brea ratio

No. of nozzled

59

g — s

5

129
.0465

.013070
.001898
1.7

2

MODEL SCALE

—— e




TABLE 111, (CONT'D)

MODEL COMPONENT: NOZZLE - N47 |
GENERAL DESCRIPTION: RCS nozzle to provide left-hand pitch-down control : ©=

to simulate ahtry.

MODEL -SCALE: ~ .010

DRAWING NO.:
BIMENSIONS:
MODEL SCALE
Flight dynami¢ pressure simulation = PSF 20
Cant angle - deg.
Aft 12 |
Outbcérd. ' 20 5
Diémeter - In.
Exit J17
Throat 0465 :
Area - In.?
Exit 010761
Throat 001698
Area ratio 6.33

N6. of nozzles

2

60
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TABLE 111, (CONT'D)

MODEL COMPONENT: NOZZLE - N48
GENERAL DESCRIPTION: RCS fiozz1e to provide right-hand pitch-up contro)
to simulate entry, -

MODEL SCALE: .010

DRAWING NO.:
DIMENSIONS:
MODEL SCALE
Flight dynamic pressure simulation - PSF 20
Cant dngle - deg.
Aft 0 o
Outboard 0 ;
Diametef = In. |
Exit J17
Throat .0465 €
Arga - In.2
Exit .010751
Throat 001698 |
Ared ratio 6.33
No. of ndziles ? i
!
61




TABLY III (OONT'D)
MODEL COMPONENT: NOZZLE - Ni9
CENERAL DESCRIBTION: RCS Nozsle providing Jeft-Hand plich~down control
4o simulate return Lo launch alte (RTLS)

VODEL 8CALE: 0.010
DRAWING NO.: S$5-A01160-19

DIMENSIONS: , MODEL SUALE
Flight dyhamis pressuve simulation - PSF 20 |
Cant Argle - deg.
Aft 13
Outbotird 2
Diameter - In,
Exit 0.141
Throat 0,060
Avea - In,2
Exit 0.015614
Throat 0.003525
Area Ratio 44430
No6. 8f fozzlas 2

62
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TABLE 111 (CONTD)
MODEL COMPONENT: NOZZLE = Nrg
CEMERAL DESGRIPTION: RCS hozele providing righthand piteh=down control
to simulate returt to launch site (RTLS),

MODEL SCALE: 0,010

DRAWING NO.: 35«A01160<20

DIMENSIONS: ' MODEL SCALE
Flight dynamié¢ pressure similation - BSF 20

Cant angle - deg,

Aft 12
Outboard 20
Diameter - In, 0.16
Exit 0,151
Throat - - 0.0670
Area = In.?
Exit 0.015614
Throat 0.003525
Ared ratio 4,430
No. of nozzles 2

63
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| TABLE 111 (GoNTID)
MODEL GOMPONENT: NOZZLE = Ngy '

GENZRAL DESCRIPTION: RS roraln previding Jefbehand waw cont vl -

alhuwiate return to lagrich afbe (RTLZ),

MODEL SCALS: 0,010
DEAVING NO.: $5-A01260s1)
DIMENTTONS,
“lipht dyndnic prossufe stmulatiofi = PSF
Cant anglc - Dap.
Aft
Outbodra
biameter « In,
Exit
Throat
Atea - 19.2
Exit
Throat
Ares ratio

No. of noztles

64

MODEL SGALE
. :

0.1l
0.0670

0.015614
0.003575
4.430

.
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,‘.‘-' o
AL



TAKLE 111 (OONT*D)
MODEL COMPONENT: NOZZLE - N

(ENERAL DESCRIPTION: RCS nozzle providing rights«hand pitehsup centrel
to simulate return to launch site (HTLS).

L

MODEL SCALE: 0.010
DRAWING NO.: 35-A01160-12

DIMENSTONS: MOO®L, SCALE
Flight dynamic pressure simulation - PSP 20 g

Cant angle - deg.
Aft 0

Outboard o
biamster = In.
Exit o 0.141
Throat 0.0670°
Area - Iﬁ.a 2
Exit 0.015614
Throat 0.003525
Aréa ratio 4.430
No. of hozzles 2 é
{
X
;
|
65
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TABLE 111. {CONT'D)

MODEL COMPONENT: NOZZLE - N61 _ ‘
GENERAL DESCRIPTION: RCS nozzle to provide Teft-hand yaw contrdl to

sifmulateé entry.

MODEL SCALE: .010
DRAWING NO.:

DIMENSIONS:
MODEL SCALE

Flight dynamic¢ pressure simulation - PSF 5
Cant angle - dedg.

Aft 0

Outboard 0
Diameter - In.

Exit .129

Throat .0465
Area - In.2

Exit .013070

Throat .001698
Area ratio 7.70
No. of nozzles 9

66
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TABLE IIT {CONT'D)
MODEL COMPONENT: NOZZLE - Nog

GENEHAL DESCRIPYION: RCS nozzle providing right«hand up-firing

control to simulate return to launch site (RTLS).

MODEL SCALE: 0.010
DRAWING NO.: SS$-A01160
DIMENSIONS: MODEL S5CALE:
Flight dynamic pressure simulation - PSP 20
Cant arigle - deg.
Aft 0
Outboard 0

Diameter « In,

Exit 0.141

Thro&t 0.0670
Ares - In.2

Exit 0.015614

Throat 0.003525
Aren ratio L.430
No, of noziles 1

67
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TABLE III {(CONT'D)
MODEL COMPONEN?: NOZZLE - Noy

GENFRAL DESCRIPFION: KOS nozzle providing left-han? nitch-down =ontrol
to simulats returh to Idunch site (RYL3).

“ODEL 3CALE: 0,010

DRAWING NO.:
DIMENSIONS: MODEL SCALE
Flight dynimic pressure situlation - PSF 20

Cant angle - deg.
Aft 12
Outboard 20
Diameter - In,

0.1,

Exit

Throat 0.0670
Area - Ix’t.2

Exit 0.015615

Throat 0.003525
Area ratis L.430
No. of nnzzles 1

68




TABLE 111 (CoNTtD)
MODEL COMBONENT: NOZZLE - Ny |

GENERAL DESCRIPTION: RCS noszle providing left-hand pitcheup eontrol

to simulate return to launch site (RTLS).

MODEL.SCALE: 0.010
DRAWING NO.:
DIMENSIONS:
Flight dyn&nic pressure simulation - PSF
Cant anhgle - Deg.
Aft
Outbodrd
Diameter - In,
Exit
Throat
Area - In.2
Exit
Throdt
Aréa pratio

No. 6f nogzles

69

MODEL SCALE
20

0.141
0.0670

0.015614
0.003525
4.430
2




TABLE YII (CONT+D)
MODEL COMPONENT: NOZZLE ~ Ng» |
MODEL DESC?‘%I}’PION: RC3 nozzle providing right-hahd pit.ﬁ-up eontrnl
to simulate return to launch site (RTLS). |

MODEL 3CALx: 0.010

DIMENSIONS: MODEL SCALE
Flight dynamtic pregsure simulatisn = PSF 20
Cant angle - deg.

Aft 0
Outboard 0
Diameter - In.
Exit, S 0.141
Throat 0.0670
Ared - In.?
Exit 0.015614
Throat 0.003525
Area ratio L.430

No. of nozzles

70
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TABLE III {CON'T'D)

MODEL COMPONENT: NOZZLE - Ngsy

CENERAL DESCHIPTION:

RC3 hozole providing left-hand pitch~down control

to simuiate return to launch site (RTLO).

MOYEL 5CALE: 0,010
DRAWING NO.:
DIMEMSIONS:

Flight dyramic pressure simulation - pSF

Caht angle - deg,

A+

Qutboard
Diameter - In.

Exit

Throat.

Throat
Area ratio

No. 6f no%2zles

n

MODEL SCALE

20

12

20

t.141
0.0A%0

0.015A14
0,003525
4.130

3

et e __ gty
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3
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JENERAL DESCRIPTION:

to sifulate retisn 4 launch ai4e (RTLY).

NODEL JCALE: 0.010
DRAWING NG.:
DIMENZIONS:

Flight dynamic¢ pressure dimulation = PSF

Cant angle - deg,
Aft
Outbdard

Diameter - In,
Exit
Throat

Arey « In.2
Exit
Throat

Area ratis

No. 8f nszzles

ORIGINAL PAGE

TABLE 111 (CONT'D)
MODEL COMPONENT: NO2ZLE - Ngj

72

RCS thozzle providing ripht<h1md pitah-up aohtrAa

20

0.141
0.066%

0.015814
0.003525
h.430

2

- o
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TARLE TT (CONTID)
MODEL COMPONENT: NOZZLE « Nag
(ENERAL DESCRIPTION: RCS nozzlé providing left-hand side-firing
to simulate ratutrn to launch site (RTLS). : : |

MODEL SCALE: 0,010
DIMENSIONS: MODEL SGALE
Flight dynaimie pressure gimulation - F3F 2
Cant angle - deg.
Aft 0
Outboard 0

Diameter - In,

Exit 0.14

Throat 6.0670
Krea - In?

Exit 0.015614

Throat 0.003525
Ared ratis 4. 030
No. of nnzzles 2

73




ULE IIT (CONT'D)

MODEL COMPONENT :___ (M3 POD = Mg - i
GENERAL DESCRIPTION @ __Basio configuration 3A OMJ peds with oovz .
metrio RCS Qng’ne hf‘lnsjng and .hﬂzzﬂ og. Shma g"ﬂmatn}l aa M.

VODEL, 3CALE: 0,010
DRAWING NUMBER . _V170-000149B

DIMENSIONS : FULL SCALE  MODEL SCALE
Length 346.0 3.460
Max Width _dogo 1080

Max Depth - 13,6 1,130

Fineness Ratio

Arén

Max. Cross=Sectisnal : -

Planform

Wetted

Base

Station of aft end of RHCS nosazle
blsek 1560 15.60

74




TABLE TII (CONf'D)

MODEL COMPONENT RUDDFR - Bg

s

e o-—

A —

GENERAL OESCRIPTION: Configuration 140¢ orbiter rudder (identical to

cohfimiration 140A/B rudder)

MODEL SCALE: 0,010

< m—

DRAWING NUMRER: VL70-000146B, «000095

DIMENSIONS:

Ares - Ft2

Span (equivalent), rn.

Inb‘d equivalent chord , In.
Outb'd equivalent c¢hord; In.

Ratib movdble surface chord/
total surface chord

At 1nb'd equiv. chord

At Outb'd equiv. chord
Sweep Back ‘Angles, degress

Leading Edde

Tatling Edge

Hingeline -

(Produet of Area & c)

Avea Moment (Normai-to-hinge-iime)rt3

Mean Aerodynami~ Chord, In,

75

FULL-SCALE

100,15

201,00
21.585'
50,833

—_0.400
—L00

26,2

610,92
73.2

MODEL StALF
0.6100
2,010

0,916
0. 508

I

I

0:400 .

|

!

26,2

i

10
0.732

|

——
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]
L



' MobEL COMPONENT: VERTIGAL - Vo

TABLE 111 (CONT'D)

CENFRAL DESCRIPIION: gd!;&egl&ﬂé !eg&; QQJ Ei] . dg\lm"py}m ,-,—'zl'“ﬂ
with routided leading edge,

v - em—

A0TEL - dame ag Ve bt with manipuwlatos hausing removied. -
MND:L SCALES 0,010

DREVING NUMBFR: V120000149 . i - .

DIMENITON3: FULL SCALE MODEL 5C¢LE
TOTAL BAT ‘
Lyes (Thes) - Ft? . .
Planform 425,92 0.0L26 .
Span (Theo) - In. 315,72 1,14
Aspect Ratvio 1.675 1,675 .
Rate of Taper 0,807  _0,507
Paper Ratio 0,40k _ 0,404 __ .
Sweep-Back Angles, Degrees. ,
Leading Ldge 0. 45,000
'I'railing Edgé ) 26, 24,9
0.B5 Element Line 41,130 41,130
Chbrds: '
Reot (Tthes) WP 268,50
Tip (Theo) WP 108,47 1,089
w*o _‘m.aﬂ_.; _—-I-ﬁl g 8...'..._.
Fus. 3ta. of .25 MAC 1463,50 14,635
W.b, of .25 MAC - 615,522 6,358
BuLo of 025 MAC Q .QS! Q.m}
Airfoil Bectlon . ‘
ledding Wedge ungle - Deg. . 10,00 10,00 .
Prailing Wedge Angle - Deg. 14,90 14,920 .
Leading Edgé Radius 2.0 0,020 .
Void Area 13.17 0.0013
Blanketed Atea 0.00 0.00
VhiGINAL PAGR &

OF POOR QUALITY 76
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#REV, 117979

'TABLE 111, - MODEL, DIMENSTONAL DaTa + Concluded,

WODEL SOMPONENT:  WINBMO o naa i

vl e -

3eVERA, DESCRIPTIONS

TERT V0,
b

DIMENSONS ¢

TOYAL DATA |
< g."1950) th o (.i’l\]lw PAGE B

- Plah‘orm OF P ;
shan {Thed In, I PUOR QUALITY

Ashecs Rasfo
Rate of Tdaper
Tabher Ratid
bihedral Angle, degreées
in¢idence Antlé, degrées
Aerodyndmic Twist, degrees
Swéap Sack Anglés, degreas
Leading Edge
tral1ing Edge
0,25 Elemeént Line
Chovds ¢ ,
Root ?’heo; 8.P.0.0.
T"b¢ Thes) 8 4

MAC
Fus. Sta, of 26 MAC
(zo)*=ucpo Of ‘25
(Y )'# Bol’-o’ Of 025 m . '

EXPOSED DATA g
fea ((had) F¢
Spar, Z'l‘heé) In. BP108

Aspect Ratio
Taper Ratio

Chérds
Root BP108
Tip 1,00 %
MAC
f\lSt sta, of «25 MAG
WP, of .28 MAC

B.LQ °¢ 025 MAC
Afrtodl seetioh (Rockwell Mod NASA)
AXK K64

Root b s
A
g b =
7
Dita for (21 ) u?cgzi gﬁgis
‘hg T
ﬁghﬂrf‘m Agta u '-'tz

\eading Edde Inarsécts fus M, L. @ Sta
Leadi id Edge [hiersects Wing @ Sta

7

OWs. NO. VL70~0001398
FULLwSCALE MODEL SCALE

%: 26,900
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TABLE V. - SIMULATION PARAMETERS
20 PSF RTLS abort separation simulation

Frée Stream Conditions

Dyndfnic Pressure q
Mach number M
*Rayriolds No. RN/L
Altitude h

RCS Jet Charactéristics

Chambér Preéssure Py
Chamber Temp. Te
Spetifitc Heat Ratio vy
Expansion Ratio e
Nozzle Angle 0
Exit Area - Ay
Exit Mach No. M
Exit Pressure Pg
Mass Flow Rate m
Motien tum M%Uj
T

Thiust

Jet to Free Stream 3
Parameters (Sref = 1 ft°)

Thrust T .
Ratid q Sréf
Mas§ Flow mj
Ratio S—TT§7§?F
Mathen tum My U
Ratio q Sref
‘ ' p
Pressuré 3
Ratio -

Pluife Shape

* Reynbidvs Number based ot Orbiter lenyth o

Free Flight

20 psf .
7 6
1.23x10
200,000t

Prototype

150 psia
5450 °R
1.232

20

9 7
72.382 in
3.93

0.643 psi
3.287 1bm/sec
903.46 1bF
950 1bF

Full Scale
Free Flidht

47.5

26.4
45.17
2¢4

Boundary up to
Impact station

orb
80

-

Wind Tunnel
150 psf

10.3
1x10§

Model.
140 psi

520 °R

1.4
4.792
205
0.01567. in
3.13
3.136 psi
0.01067 1bifi/se¢
0.675 1bs.

712 1bs.

simylation
47.5 (Matehed)

50.6
45 (Matched)
224 (Matched)

{Roughly
Matched)

S,

I




TABLE VI. - THRUST COEFFICIENT FACTORS

Gas

ki = T/P¢
1bs/psia
0.00692

0.00738
¢.00792
0.00266
0.00261
0.00300
0.00250
0.00245
0.00237
0.00237
6.00920
0.00824
6.01620
0.00920
0.00221
0.00450
0.00460
§.00900
0.01356
0.01356
0.00886
0.00904

JRPISS——
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d. Model Nuzzle Block Configurations

Figure 2. - Concluded.
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